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(57) ABSTRACT

A blind mating connection structure for servers 1s disclosed.
On the server side, a connector module has fluid connectors
to be blind mated to fluid connectors on rack manifolds 1n a
server rack. The connector module 1s coupled to a sliding
channel on the server. The connector module slides hor-
zontally and vertically 1n response to movement of a posi-
tioning slider on the connector module. On the rack mani-
fold side, a gmding module has an opening that receives the
positioning slider when the server 1s 1nstalled in the server
rack. The guiding module tapers down to a centering point
midway between each rack manifold. As the server 1s slhid
into the server rack, the positioning slider follows the
guiding module to the center point, moving the connector
module mto alignment with the fluid connectors on the rack
mamifold for blind mating.

20 Claims, 11 Drawing Sheets
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SYSTEM LEVEL STRUCTURE FOR BLIND
MATING CONNECTIONS

FIELD OF THE INVENTION

Embodiments of the present invention relate generally to
server and electronic cooling. More particularly, embodi-
ments of the invention relate to server racks, including
installation and removal of server equipment that connects
to a liquid cooling module.

BACKGROUND

Cooling 1s a prominent factor in a computer system and
data center design. The number of high performance elec-
tronics components such as high performance processors
packaged 1inside servers has steadily increased, thereby
increasing the amount of heat generated and dissipated
during the ordinary operations of the servers. The reliability
of servers used within a data center decreases 11 the envi-
ronment 1 which they operate 1s permitted to increase in
temperature over time. Maintaining a proper thermal envi-
ronment 1s critical for normal operations of these servers in
data centers, as well as the server performance and lifetime.
It requires more eflective and eflicient cooling solutions
especially 1n the cases of cooling these high performance
SErvers.

A server rack in a data center may contain servers and/or
cooling distribution units having different types, sizes, gen-
der, and location of liquid coolant connections. Typically, 1n
a server rack, a coolant distribution unit couples to a coolant
distribution manifold at the back of the server rack. Fach
server that requires liquid cooling will be connected to the
coolant distribution manifold. The coolant distribution
manifold often comprises a variety of imterconnection hoses
or a pair of distribution manifolds 1n the form of sealed
square tubing with fluid connectors placed at fixed intervals
along the tubing of the manifold. There are different types of
rack manifold designs for server rack equipment connection
s1zes, locations, connector types, or genders. Servers and
cooling distribution units 1n server racks require periodic
service such that 1t 1s necessary to disconnect the liquid
coolant connections at the back of the server rack to remove
and service the server. Those connections are often deep 1n
the back of the server rack and are not easily accessible.
Blind mating of connectors requires a very high design and
manufacturing accuracy which means a very low tolerance
and deviations and errors to ensure proper blind mating.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the mvention are illustrated by way of
example and not limitation in the figures of the accompa-
nying drawings in which like references indicate similar
clements.

FIG. 1 1s a block diagram illustrating an example of a
cooling module 1n a server chassis having a system level
structure for blind mating, according to one embodiment.

FI1G. 2 1llustrates plan view of an embodiment of a server
chassis having a system level structure for blind mating,
according to some embodiments.

FIGS. 3A-3D illustrate a section view of a server chassis
being blind mated to a coolant distribution manifold using,
system level structure for blind mating, according to some
embodiments.

FIGS. 4A and 4B illustrate section views of a coolant
distribution manifold having a guiding module for blind
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2

mating using a system level structure, according to some
embodiments. FIG. 4A 1s a side view and FIG. 4B 1s a front

VIEW.

FIGS. 5A and 5B illustrate section views of a coolant
distribution manifold 1n a server rack that supports blind
mating using a system level structure, according to some
embodiments.

FIGS. 6 A and 6B illustrate section views of a server being,
blind mated to a coolant distribution manifold having a
guiding module with an elastic element, according to some
embodiments.

FIG. 7 1llustrates a rear view of details of components of
a server system level structure for blind mating, according to
one embodiment.

FIGS. 8A and 8B illustrate rear views of a server rack that
receives servers having a system level structure for blind
mating, according to one embodiment.

DETAILED DESCRIPTION

Various embodiments and aspects of the inventions will
be described with reference to details discussed below, and
the accompanying drawings will illustrate the various
embodiments. The following description and drawings are
illustrative of the invention and are not to be construed as
limiting the mvention. Numerous specific details are
described to provide a thorough understanding of various
embodiments of the present invention. However, 1n certain
instances, well-known or conventional details are not
described 1 order to provide a concise discussion of
embodiments of the present inventions.

Reference in the specification to “one embodiment™ or
“an embodiment” means that a particular feature, structure,
or characteristic described 1n conjunction with the embodi-
ment can be included i at least one embodiment of the
invention. The appearances of the phrase “in one embodi-
ment” 1n various places 1n the specification do not neces-
sarily all refer to the same embodiment.

A blind mating connection structure for servers is dis-
closed. On the server side, a connector module has fluid
connectors to be blind mated to fluid connectors on rack
mamnifolds 1n a server rack. The connector module 1s coupled
to a sliding channel on the server. The connector module
slides horizontally and vertically 1n response to movement
of a positioning slider on the connector module. On the rack
mamifold side, a guiding module has an opening that
receives the positioning slider when the server 1s 1nstalled in
the server rack. The guiding module tapers down to a
centering point midway between each rack manifold. As the
server 1s slid into the server rack, the positioning slider
tollows the guiding module to the center point, moving the
connector module into alignment with the fluid connectors
on the rack manifold for blind mating.

In a first aspect, a blind mating structure includes a
connector module and a guding module. The connector
module 1s configured to be coupled to a sliding channel on
a server. The sliding channel 1s configured to slide the
connector module 1n a horizontal (x-axis) direction and/or a
vertical (y-axis) direction. The connector module mncludes
one or more flmd connectors coupled to the connector
module. A first end of each fluid connector of the one or
more fluid connectors 1s configured to be coupled to a
coolant line within the server. A second end of each fluid
connector 1s configured to be blind mated to one of one or
more corresponding tluid connectors of one or more coolant
distribution manifolds in a server rack when the server 1s
installed into server rack. A positioning slider 1s coupled to
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the connector module. The positioning slider 1s configured to
apply horizontal force, vertical force, or both horizontal and
vertical force, to the connector module as the server i1s
installed into the server rack. In an embodiment, a distance
between a center of the positioning slider on the connector
module to a location of each of the one or more fluid
connectors on the connector module 1s adjustable. In an
embodiment, an orientation of the one or more fluid con-
nectors upon the connector module 1s selectable or adjust-
able.

The guiding module 1s configured to be coupled to the one
or more coolant distribution manifolds. The guiding module
has a tapered portion with an opening at a first end of the
guiding module. The guiding module tapers from the first
end to a centering point at a second end of the guiding
module. The centering point 1s located 1n alignment with a
center of the first end. The tapered portion 1s configured to
receive the positioming slider from the connector module of
the server being installed into the server rack. The tapered
portion 1s further configured to guide the positioning shider
toward the centering point at the second end of the guiding
module as the server 1s inserted further into the server rack.
Installing the server into the server rack cause alignment of
the one or more fluid connectors on the connector module of
the server with the one or more fluid connectors on the one
or more coolant distribution manifolds. In an embodiment,
the blind mating structure further includes the sliding chan-
nel. The sliding channel can slide using roller bearings or
ball bearings. In an embodiment, the blind mating structure
turther 1ncludes a support frame that couples the sliding
channel to the server. The positioning slider can 1nclude a
ball head to facilitate smooth sliding action of the position-
ing slider along the guiding module. The one or more fluid
connectors on the connector module can be quick-discon-
nect fluid connectors.

A length of the positioning slider can be determined by a
length of the one or more fluid connectors coupled to the
connector module, a length of the one or more correspond-
ing fluid connectors on the coolant distribution manifold, a
depth of engagement of the one or more fluid connectors
coupled to the connector module with one or more corre-
sponding fluid connectors on the coolant distribution mani-
fold, and a depth of the guiding module coupled to the
coolant distribution manifold. In an embodiment, the posi-
tioming slider can be replaced at the connector module, with
a different length or different shape of positioning slider. The
positioning slider can be designed 1n different shapes. In an
embodiment, the positioning slider can be a rod-like shape.
In an embodiment, a head portion of the positioning slider
1s shaped to be received by the tapered portion of the guiding
module at the centering point of the guiding module. In an
embodiment, the positioning slider can be substantially a
same shape as the guiding module such that a base of the
positioning slider 1s shaped substantially the same as the
opening ol the guiding module, and the positioning slider
tapers from the base to a head that corresponds to the
centering point at the furthest depth of the guiding module.

In some embodiments, the blind mating structure can
turther include an elastic connection fitted between the
guiding module and the one or more coolant distribution
manifolds. In response to the positioming slider of the server
being in contact with the centering point of the guiding
module, while the server 1s being inserted further into the
server rack, the elastic connection can be compressed,
moving the centering point further away from the first end
of the guiding module. The elastic connection can be
designed to be compressible in different ranges, depending
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4

upon requirements for specific server and/or server rack
installations. In an embodiment, the guiding module can be
made of stainless steel, epoxy coated steel, or high-impact
plastic. The centering point can include a flexible detent that
at least partially secures a ball head of the positioning slider
to the centering point when the one or more fluid connectors
on the one or more coolant distribution manifolds are blind
mated to the one or more fluid connectors on the connector
module.

In a second aspect, an electronic rack can include a
plurality of coolant distribution manifolds, each comprising
one or more fluid connectors. The electronic rack can
include a server having a connector module as described 1n
the first aspect. The server can also include a cooling module
with a coolant supply line, a coolant return line, and a heat
transter unit. A first end of the coolant supply line and a first
end of the coolant return line can be coupled to the heat
transier unit. The server can also include the guiding module
as described above 1n the first aspect. The connector module
and guiding module, together, align the plurality of fluid
connectors on the connector module with a plurality of
corresponding connectors on the coolant distribution mani-
folds, to blind mate the server coolant circulation system to
the coolant distribution manifolds.

FIG. 1 1s a block diagram illustrating an example of a
cooling module 1n a server chassis having a system level
structure for blind mating, according to one embodiment.
The cooling module 100 can include a processor/cold plate
assembly that removes heat from processor chip 101. Refer-
ring to FIG. 1, processor 101 1s plugged onto a processor
socket mounted on printed circuit board (PCB) or mother-
board 102 coupled to other electrical components or circuits
ol a data processing system or server. Processor 101 1includes
a cold plate 103 attached to 1t, which 1s coupled to a rack
manifold (not shown) via liquid supply line 132 and/or
liguid return line 131 and the blind mating connection
structure 300 described herein. A portion of the heat gener-
ated by processor 101 1s removed by the cooling liquid lines
131 and 132 via cold plate 103. The remaining portion of the
heat enters 1nto an air space underneath or above, which may
be removed by an airflow generated by a cooling fan (not
shown). A blind mating connection structure 300, as
described herein, can be coupled to the server chassis 105
using a frame (not shown). The blind mating structure 300,
including positioning shider 310, 1s described 1n detail,
below, with references to FIGS. 2, 3A-3D, 4A-4B, SA-5B,
6A-6B, 7, and 8. The cold plate cooling liquid lines 131 and
132 can be coupled to the blind mating connection structure
300 mounted to the frame on the server chassis 105 to enable
blind mating of the server’s cooling lines 131/132 to one or
more coolant distribution manifolds (not shown) in the
server rack (not shown) that houses the server chassis 105.
The liquad supply line 131 and liquid return line 132 can be
hoses with eirther fluid 120 connectors or hose barb fittings.
The cooling module 100 included 1n the server chassis 105
may be used 1n different types of servers and server racks.
Blind mating connection structure 300 can ensure proper
mating and configuration for the fluid systems between the
server rack and the cooling module(s) 1n the server.

FIG. 2 illustrates a plan view of an embodiment of a
server 203 having a blind mating connection structure,
according to some embodiments. The blind mating connec-
tion structure enables a piece of information technology (IT)
equipment, such as server 203, to be slid into the server rack
200 and blind mated to a portion of the fluid connectors 212
on the coolant distribution manifolds 201 and 202 (collec-
tively, 201/2) via the blind mating connection structure. The
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blind mating connection structure can include two portions.
A first portion includes a connector module 320 that 1s
mounted to the chassis of server 203. A second portion
includes a guiding module 250 that 1s mounted between the
coolant distribution manifolds 201 and 202. The connectors
120 on the connector module 320 of the server blind mate to
corresponding mating fluid connectors 212 on the coolant
distribution manifolds 201 and 202 as the server 1s being shid
into a server rack.

The fluid connectors 120 on the connector module 320 are
mitially configured to align, horizontally, diagonally, or
vertically, with corresponding fluid connectors on the cool-
ant distribution manifolds 201/2. In an embodiment, con-
nector module 320 can have pre-drilled holes, or “punch-
outs” for commonly used orientations of fluid connectors
such as 0° (horizontal), 45°, 180° (vertical), or 225°. In an
embodiment, connector module 320 can include a rotatable
plate with a slot that permits the fluid connectors 120 of the
connector module 320 to be positioned at any angle within
0° to 360° and within a slidable spacing along the slot, such
as 3" to 6" center-to-center between the fluid connectors 120.
Once an orientation (1.¢. a rotation angle, 1f any, and distance
between tluid connectors) 1s set for the fluid connectors 120
on the connector module 320, the server can be repeatedly
removed from the server rack and remnstalled by blind
mating, without further adjustment. Connector module 320
1s connected to a sliding channel 330 that enables connector
module 320 to slide horizontally (x-axis) and/or vertically
(v-axis) with respect to an insertion direction (z-axis) of the
server 203 1nto the server rack 200. An isertion direction 1s
shown 1n FI1G. 2 by the dashed arrow below the “server 203”
reference. A positioning slider 310, coupled to the connector
module 320, extends from the connector module 320 1n the
same direction as the server 1s to slide into the server rack
200. The head of the positioning slider 310 can have a ball
end to facilitate to sliding along a guiding module 250 that
1s coupled to the coolant distribution manifolds 201 and 202
(collectively, 201/2) 1n the server rack 200. In embodiment,
the positioning slider 310 can be replaced at the connector
module 320 with a different positioning slider 310, such as
a positioning slider 310 that 1s longer, or wider, or has a
different cross-sectional profile. A cross-sectional profile of
the positioning slider can be circular, oval, triangular,
square, hexagonal, or other cross-section shape.

As server 203 1s shid mto server rack (not shown),
positioning slider 310 moves toward a first end of a tapered
portion of guiding module 250. The tapered portion 1s open
at 1ts widest 1n a direction facing toward server 203, and the
tapered portion slopes toward a centering point (not shown)
at the deepest recess of guiding module 250. It there 1s any
misalignment between the positioning slider 310 and the
centering point of guidance module 250, the head of the
positioning slider 310 comes 1nto contact with the sloped
sides of guiding module 250. The sloped sides of guiding
module 250 cause the positioning slider 310 to follow the
slope of guiding module 250, as server 203 1s slid further
toward the coolant distribution manifolds 201/2. The sloped
edges of guidance module 250 exert one or more forces onto
the positioning slider 310. The forces are transierred, by the
positioning slider 310, to the connector module 320, causing
the connector module 320 to slide along sliding channel 330.
The sliding action of the connector module 320 works to
align the fluid connectors 120 on the connector module 320
with corresponding fluid connectors 212 on the coolant
distribution manifolds 201/2.

In FIG. 2, a server 203 1s illustrated that has a cooling
module (not shown) included within the server 203. The
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cooling module 1s described above with reference to FIG. 1.
The cooling module within the server 203 may include one
or more hoses, tubes, or piping such as for a coolant supply
line 131 and a coolant return line 132, or other coolant line.
The coolant lines 131/132 can be fluidly coupled at one end
to the cooling module (not shown) 1n the server 203. The
other end of each of the coolant supply 131 and coolant
return lines 132 can be coupled to a fluid connector 120 on
the connector module 320. In an embodiment, coolant lines
131 and 132 can also include fluid connectors 120 on their
ends.

FIGS. 3A through 3D illustrate section views of a server
203 being blind mated to coolant distribution manifolds
201/202 using a blind mating connection structure, accord-
ing to embodiments. The views i FIGS. 3A through 3D are
from a side, or section, view of a server rack (not shown) that
includes coolant distribution manifolds (or, “rack mani-
folds™) 201/2 and a server 203 to be inserted into the server
rack (not shown). In the views of FIGS. 3A through 3D, the
coolant distribution manifolds 201/2 are located at a rear
side (left, in FIGS. 3A-3D) of the rack server (not shown)
and the server 203 1s being inserted into the rack server (not
shown) from the front side (right, in FIGS. 3A-3D) of the
rack server (not shown) toward the coolant distribution
mamifolds 201/2. Guiding module 250 1s shown coupled to
rack manifolds 201/2, with centering point 251 at the
deepest portion of guiding module 250. Guiding module 250
1s mounted to, and between, coolant distribution manifold
201 and coolant distribution manifold 202. Centering point
251 1s equidistant between a centerline of a flud connector
212 on coolant distribution mamifold 201 (e.g. a coolant
supply distribution manifold) and a centerline of a fluid
connector 212 on coolant distribution manifold 202 (e.g. a

coolant return distribution manifold). Server 203 1s installed
from right to left, as indicated by the dashed arrow labeled
“install server.”

FIG. 3A illustrates key components of the blind mating
structure. FIG. 3A 1llustrates a status of the blind mating
structure before the server 1s populated into a server rack
(not shown). Key components of the server side of the blind
mating structure include a positioning slider 310, a connec-
tor module 320, and a sliding channel 330. In an embodi-
ment, positioming slider 310 may include a ball at the head
of the positioning slider 310 which facilitates movement of
the positioming slider 310 over the surface of a guiding
module 250 on the rack manifold side of the blind mating
structure. Connector module 320 includes one or more fluid
connectors 120. Each fluid connector 120 corresponds to a
coolant line inside of server 203. One end of the coolant line
1s coupled a cooling module 1nside the server 203. The other
end of the coolant line 1s coupled to the fluid connector 120.
Connector module 320 1s coupled to a sliding channel 330
that enables the connector module 320 to slide in the
horizontal and vertical direction, in the plane of the rear of
the server 203. Connector module 320 slides along sliding
channel 330 1n response to forces applied to positioning
slider 310 exerted by positioning slider 310 contacting an
inner surface of guiding module 250, as the server 203 1is
being installed into the server rack (not shown).

On the rack manifold side, a guiding module 250 1s
installed between two rack mamiolds 201/202 (collectively,
201/2), each rack manifold having one or more fluid con-
nectors 212 associated with the rack manifold. The rack
manifolds 201/2 can be a coolant supply distribution mani-
fold and a coolant return manifold for circulating cooling
liqguid through a cooling module of the server 203. The
guiding module 250 can include a guiding surface which can




US 11,672,099 B2

7

include guiding channels formed mto the surface of the
guiding module 250. For example, a guiding module 250
can have a rectangular opening at a first end of the guiding
module 250. The opening on the first end of the guiding
module 250 faces toward the server 203 as the server 203 1s
being 1nstalled 1n the server rack (not shown). The opening
on the first end of the guiding module 250 tapers to a
centering point 251 at a second end of the guiding module
250. The centering point 251 1s a deepest point (i.e., furthest
away from the server 203) within the guiding module 250.
The centering point 251 1s located on the guiding module
251 between the two rack manifolds 201/2, at a point that 1s
equidistant from each of the two rack manifolds 201/2.

FIG. 3B illustrates the operation of the blind mating
structure during populating of the server 203 into the server
rack (not shown). Referring now to FIG. 3B, it can be seen
that the server 203 fluid connectors 120 are not aligned with
the rack fluid connectors 212. As the server 203 1s installed
into the rack, the positioning slider 310 first contacts the
guiding channel within the guiding module 250. The posi-
tioming slider 310 contacts the sloped surface of the guiding
module 250 and the positioning slider 310 slides along the
surface of the guiding module 2350, toward centering point
251. The sloped surface 1mn guiding module 250, 1n combi-
nation with the force of sliding the server 203 into the server
rack (not shown), generates vector force components upon
positioning slider 310 1n one or more of the horizontal
(x-axis) and vertical (y-axis) directions, with respect to the
rear face of the server 203. As indicated by the label “slider
moving~ and the corresponding dashed arrow facing diago-
nally down and left, the positioning slider 310 moves along
the sloped surface of the guiding module 250 as server 203
1s 1nstalled into the server rack (not shown). The forces upon
the positioning slider 310 are transferred by the positioning,
slider 310 to connector module 320, causing connector
module 320 to slide along sliding channel 330, indicated by
the label “connector module moving” and the dashed arrow
directed downward.

Referring now to FIG. 3C, an intermediate position 1s
illustrated, during the populating of the server 203 in the
server rack (not shown). The positioning slider 310 may
directly match to the, e.g., vertical centerline of the guiding
module 250 1n one scenario. The positioning slider 310 may
continue to move towards the guiding module 250 and then
move along the face of the gmiding channel 250. It 1s rare for
the connector module 320, and thus positioning slider 310,
to be mitially in this configuration wherein the positioning,
slider 310 1s nearly centered to the centering point 251
betore populating of the server 203 into the server rack (not
shown) 1s complete. However, this may be a common
occurrence after a first time that the server 203 has been
populated to the server rack (not shown). After an mnitial
installation of the server 203 1nto the server rack, positioning
slider 310, and thus the connector module 320, may remain
reasonably close to a position of alignment with the center-
ing point 251 for subsequent installations of the server 203
into the server rack.

Movement of connector module 320 aligns the fluid
connectors 120 with the corresponding mating fluid connec-
tors 212 on the coolant distribution manifolds 201/202. The
positioning slider 310 1s coupled to connector module 320.
Connector module 320 1s coupled to a sliding channel 330.
Sliding channel 330 slides horizontally and/or vertically, 1n
response to a location of the head of the positioning shider
310, as the server 203 being installed into the server rack
(not shown). When the ball head of the positioning slider
310 reaches the centering point 251, the connector module
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320 1s aligned with centering point 251. Fluid connectors
120 of connector module 320 are now aligned with connec-
tors 212 of the rack manifolds, ready to perform blind
mating of the fluid connectors 120 and tluid connectors 212.

Referring now to FIG. 3D, server 203 1s shown fully shid
into position 1n the server rack (not shown). Fluid connectors
120 on connector module 320 are fully aligned and blind
mated to fluid connectors 212 on coolant distribution mani-
folds 201/2. Positioning slider 310 1s seated into centering
point 251 of guiding module 250 1n a “locked position.” In
an embodiment, centering point 251 may include a detent
that at least partially secures the ball head of the positioning
slider 310 into the centering point 251. Further locking
forces are generated by the act of mating fluid connectors
120 to fluud connectors 212. Once the positioning slider
reaches the centering point 251, the tfluid connectors 120 and
212 may perfectly blind mate. However, this may not always
happen due to many factors. The blind mating structure
disclosed herein addresses scenarios to provide complete
and accurate blind mating.

FIGS. 4A and 4B illustrate section views of a coolant
distribution manifold having a guiding module for blind
mating using a system level structure, according to some
embodiments. FIG. 4A 1llustrates a side view of guiding
module 250 mounted to coolant distribution manifolds
(“rack manifolds™) 201/2. FIG. 4B illustrates an end view,
looking from a server 203 in the server rack (not shown)
toward rack manifolds 201/2 mounted in the rear of the
server rack (not shown).

Elastic section 253 can be mounted between guiding
module 250 and rack manifolds 201/2. As 1s known 1n the
art, server racks are often provided with a mechanical “stop™
tab or ear on a frame of the server rack that prevent the
server from being inserted into the frame beyond the “stop”
point. The stop point 1s a maximum distance that a server
may be installed ito the server rack (not shown), with
respect to a front of the server rack. However, a distance of
a front face of the rack manifolds, facing into the server rack,
may not be sufliciently exact for full mating of the fluid
connectors 120 on the server 203 to fluid connectors 212 on
the rack manifolds 201/2. In the embodiment of FIGS. 4A
and 4B, an elastic connection 253 can absorb a small amount
of a diflerence 1n distance between the fluid connectors 120
on the connector module 320 to ensure full and proper
mating to the fluid connectors 212 on the rack manifolds
201/202. As the server 203 1s pushed 1nto the server rack (not
shown), 11 the positioning slider 310 contacts the centering
point 251 of the guiding module 250 before the server 203
reaches the “stop” tab 1n the server rack, and before the fluid
connectors 120 and 212 are fully blind mated, the position-
ing slider 310 pushes on the centering point 2351 of the
guiding module 250 and compresses the elastic connection
2353 a small amount until the fluid connectors 120 and 212
are fully blind mated. The entire guiding module 250,
including centering point 251, can be pushed to the left side
in FIG. 4A causing a compression of the elastic connection
2353. The compression rate of the elastic connection 253 can
vary to accommodate different scenarios.

FIGS. 5A and 5B illustrate section views ol coolant
distribution manifolds (*rack manifolds™) 201/202 1n a
server rack (not shown) that supports a blind mating con-
nection structure, according to some embodiments. The
blind mating connection structure described in FIGS. 4A and
4B, above, 1s extended to illustrate four guiding modules
250, each with an elastic connection 253 fixed between the
guiding module 250 and the rack manifolds 201/202. In an

embodiment, elastic connection 253 can be a strip of low
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density, compressible, foam rubber, or a low density com-
pressible rubber. In an embodiment, the elastic connection
253 can be 1n the form of a strip of material on the face of
the rack manifolds. In an embodiment, a single strip of
material can be applied, such as with an adhesive or seli-
adhesive, to accommodate a plurality of guiding modules
250. Each guiding module 250 1s configured to receive a
positioning shider (not shown) of a connector module (not
shown) to {facilitate blind mating of a plurality of fluid
connectors (not shown) on a connector module (not shown)
attached to a server (not shown) to a pair of tluid connectors
212 on a pair of rack manifolds 201/202. Blind mating
operation and functionality of guiding module 250, center-
ing point 251, elastic connection 253, rack manifolds 201/
202 and fluid connectors 212 have been described above and
will not be repeated again here.

The guiding module can be attached to an existing rack
manifold to add the gmding feature to an existing server
rack. Although 1n FIGS. 5A and 5B the guiding modules 250
have been illustrated as being similar, or the same, this
needed not be the case. Diflerent configurations of guiding,
modules 250 can be implemented for diflering server types
installed, or to be installed, into the server rack and for
different configurations of server racks.

FIGS. 6A and 6B 1llustrate section views of a server 203
being blind mated to fluid connectors 212 of coolant distri-
bution (*rack”) manifolds 201/202 having a guiding module
250 with an elastic connection 253, according to some
embodiments. Referring to FIG. 6A, as the server 203 1s
installed into the server rack (not shown), positioning slider
310 may reach the centering point 251 of guiding module
250 before the fluid connectors 120 on the connector module
320 of the server 203 fully connects (“blind mates™) to
corresponding fluid connectors 212 on rack manifolds 201/
202. In FIG. 6A, this 1s shown by label “fluid disconnec-
tion,” pointing to the gap between fluid connectors 212 and
fluid connectors 120.

Referring now to FIG. 6B, to fully blind mate the tluid
connectors 120 and 212, additional movement can be pro-
vided to further push the server 203 nto the server rack (not
shown). The additional movement 1s indicated by the dashed
line arrow, pointing left in the FIG. 6B. The additional
movement 1s further indicated by compression of the elastic
connection 253, labeled “additional movement” 1n FIG. 6B.
The additional movement causes the positioning slider 310
to push on the guiding module 250, thereby compressing the
clastic connection 253 by a small amount. The fluid con-
nectors 120 and 212 are now fully blind mated, making a
completed tluid connection. In an embodiment, the centering
point 251 can have a small detent that captures, or partially
captures, a ball end on the head of the positioning slider 310
to help retain the fluid connector mating.

FI1G. 7 illustrates an end view of components of a system
level structure for blind mating, according to one embodi-
ment. FIG. 7 shows the portion of the blind mating connec-
tion structure that attaches to the rear of the server 203. The
server side of the blind mating structure includes one or
more fluid connectors 120 coupled to connector module 320.
Inside the server, one end of a coolant supply line and one
end of a coolant return line (not shown) are coupled to a heat
transier umt (not shown) of a cooling module (not shown).
The other end of the coolant supply line (not shown) is
coupled to one of the fluid connectors 120, and the other end
of the coolant return line (not shown) 1s coupled to the other
of the fluid connectors 120, on the connector module 320.
The connector module 320 1s coupled to sliding channel 330.
The connector module 320 can slide along sliding channel
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330 1n the vertical direction (y-axis), as indicated by the two
vertical arrows at the connector module 320. The shding
frame 330 also enables the connector module 320 to slide
horizontally (x-axis) as indicated by the two horizontally
opposing arrows. In an embodiment, sliding frame 330 can
be fixed to the server 203 using a support frame 302. In an
embodiment, sliding frame 330 can be constructed such that
sliding frame 330 can be attached to a chassis of the server
without using a support frame 302.

Sliding frame 330 can be constructed from formed chan-
nel material having roller bearings, ball bearings, lubricant,
and/or other materials to facilitate the sliding action the
sliding frame 330. Formed channel material can be metal,
¢.g. steel, stainless steel, aluminum or other material. Chan-
nels material can be cut from known shapes, e.g. c-shaped
channel or box channel or can be cut or machined from other
known shapes. In an embodiment, channel material can be
formed by extrusions or press-shaping to configurations
such as are used in furmiture drawers, racks, or other sliding
rails.

Positioning slider 310 1s an elongated member, fixed to
the connector module 320 to be perpendicular to a plane of
the rear of the server 203. In an embodiment, positioning
slider 310 1s removable and replaceable from the connector
module 320, such as to accommodate installation of an
appropriate length and/or type of positioning slider 310 for
a particular installation. A cross-section of the positioning
slider 310 can be round, oval, square, oblong, or other shape.
A length of the positioning sliding 310 can be based upon a
distance between a “stop” tab 1n the server rack (or a suitably
designed fixed rear-end point for the server when 1nstalled 1n
the rack). The length of the positioning slider 310 1s further
determined based upon a depth of the connector module 320
from the rear of the server 203, a distance from the face of
the connector module to an end of the tluid connectors 120
that are coupled to connector module 320, a length of the
fluid connectors 212 on rack manifolds 201/2, and a depth
of guiding module 250 from a face of the rack manifolds
201/2 to a deepest point of the guiding module 250 at the
centering point 251. Cross-sectional shape and dimensions
ol the cross-sectional shape of the positioning slider 310 can
be chosen based upon the determined length of the posi-
tioning slider 310. Cross-sectional of the positioning slider
310 can further be based upon a steepness of the sloped sides
of the guiding module, the horizontal and vertical forces
applied to the positioning slider 310 during installation of
the server 203 into the server rack, and resistance forces in
the slhiding channel 330 movement. Design of the cross-
sectional shape and dimensions of the positioming slider 310
ensure that the positioning slider 310 remains straight, rigid,
and does not bend substantially during use in sliding the
position the connector module 320.

FIGS. 8 A and 8B 1llustrate rear views of a server rack 200
that receives servers 203 having a system level structure for
blind mating, according to one embodiment. In FIGS. 8A
and 8B, the view 1s from the perspective of the front of the
server rack 200, looking through the server rack 200, toward
the rear of the server rack 200. Components of both the
server 203 side of the blind mating connecting structure and
the rack mamifolds 201/2 side of the blind mating connecting
structure are shown.

Referring to FIG. 8A, server rack 200 has two servers 203
installed 1n the server rack 200. Two rack manifolds 201/202
are 1nstalled in the rear of the server rack 200. Rack
mamifolds 201/2 can be, e.g., a coolant supply distribution
manifold and a coolant return collection mamfold. The rack

mamnifolds 201/2 can each be configured as a sealed elon-
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gated tubing, e.g. square tubing, having a plurality of fluid
connectors 212 connected at predetermined intervals. Typi-
cally, a pair of fluid connectors 120 on a connector module
320 on server 203 will be blind mated to a corresponding
pair of rack mamifolds. In the configuration of FIG. 8A, the
two rack manifolds 201/2 are suiliciently close together that
a single connector module 320 having tfluid connectors 120
on each server 203 can blind mate to corresponding fluid
connectors 212 on rack manifolds 201/2. Each connector
module 320 1s coupled to sliding channel 330 that 1s, 1n turn,
connected to a chassis of the server 203. The connector
module 320 further includes a positioning slider 310. Details
and operation of the connector module 320 and 1ts compo-
nents are described above with reference to at least FIGS. 2,
3A-3D,4A-4B, 6 A-6B and 7 and will not be described again
here.

Each pair of flmd connectors 212 that blind mate to one
server has a guiding module 250 1nstalled between the pair
of fluid connectors 212 on rack manifolds 201/2. Each
guiding module 250 has a centering point 251, and can
optionally have an elastic connection 233 installed between
the guiding module 250 and the rack manifolds 201/2. The
oguiding modules 250, centering point 251, and elastic con-
nection 253 have been described i1n detail, above, with
reference to FIGS. 2, 3A-3D, 4A-4B, 5A-5B, 6 A-6B and 7
and will not be described again here.

Referring now to FIG. 8B, two servers 203 are installed
in rack server 200. Here, rack manifold 201 and rack
manifold 212 are separated, one for coolant supply and one
for coolant return. One rack manifold 1s installed at the far
lett of the server rack 200 and the second rack manifold is
installed at the far right of the server rack 200. In this
embodiment, two connector modules 320 can be used, with
cach connector module 320 having a single fluid connector
120 and a positioning slider 310. The single fluid connector
120 can correspond to one of the either the coolant supply
line or coolant return line (not shown) 1nside the server 203.
Each connector module 320 1s fixed to its own sliding
channel 330 that enables the connector module 320 to slide
in the horizontal (x-axis) direction and the vertical (y-axis)
direction 1n response to positiomng slider 310 contacting the
inner faces of guiding module 250. Similarly, at the right 1n
FIG. 8B, a single fluid connector 120 1s coupled to another
connector module 320 for the server 203. The single fluid
connector 120 corresponds to, e.g., the other of the coolant
supply line or coolant return line (not shown) inside the
server 203. In other respects, operation of the connector
module 320 with the single fluid connector 120 are similar
the connector module with a single fluid connector 120 that
has already been described in FIG. 8B. In FIG. 8B, a manner
of attachment of the gmiding module 250 to the rack mani-
fold 201 or 202 can have additional rigidity 1n its design to
ensure that guiding module 250 does not tlex substantially at
its connection point to rack manifold 201 or 202. In other
respects, the design and functionality of guiding module 250
and connector module 320 are substantially the same as
previously described embodiments. In FIG. 8B, elastic con-
nection 253 can be coupled between guiding module 250
and a rack manifold 201 or 202.

In the foregoing specification, embodiments of the inven-
tion have been described with reference to specific exem-
plary embodiments thereof. Different selection of connector
types, hose, tubing, piping, and structural frame members,
and orientations of assemblies can be implemented by one of
skill 1n the art 1n possession of this disclosure. Different
server rack orientations, e.g. vertical, or upward/downward,
can be implemented using this disclosure. It will be evident
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that various modifications may be made thereto without
departing from the broader spirit and scope of the invention
as set forth 1 the following claims. The specification and
drawings are, accordingly, to be regarded 1n an 1illustrative
sense rather than a restrictive sense.
What 1s claimed 1s:
1. A blind mating structure comprising:
a connector module configured to be coupled to a sliding
channel on a server, the sliding channel configured to
slide the connector module 1n a horizontal (x-axis)
direction and a vertical (y-axis) direction, the connector
module having:
one or more fluid connectors coupled to the connector
module, a first end of each fluid connector of the one
or more tluid connectors configured to be fluidly
coupled to a coolant line within the server, and a
second end of each fluid connector configured to be
blind mated to one of one or more corresponding
fluid connectors of one or more coolant distribution
manifolds 1 a server rack when the server is
installed into the server rack, and

a posttioning slider coupled to the connector module,
the positioning slider configured to apply horizontal
force, vertical force, or both horizontal and vertical
force, to the connector module as the server 1is
installed into the server rack:; and

a guiding module, configured to be coupled to the one or
more coolant distribution manifolds, the guiding mod-
ule having a tapered portion with an opening at a first
end of the guiding module, and the guiding module
tapering irom the first end to a centering point at a
second end of the guiding module,

wherein the positioning slider applies the horizontal force,
the vertical force, or both the horizontal and the vertical
force to the connector module in response to the
positioning slider contacting the tapered portion of the
guiding module during installation of the server into the
server rack.

2. The blind mating structure of claim 1, wherein the
centering point 1s located i alignment with a center of the
first end, wherein the tapered portion 1s configured to receive
the positioning slider from the connector module of the
server being inserted into the server rack, and wherein the
tapered portion 1s configured to guide the positioning slider
toward the centering point at the second end of the guiding
module as the server 1s inserted further into the server rack,
thereby aligning the one or more fluid connectors on the
connector module of the server with the one or more fluid
connectors on the one or more coolant distribution mani-
folds.

3. The blind mating structure of claim 1, further compris-
ing a support frame that couples the sliding channel to the
Server.

4. The blind mating structure of claim 1, wherein the
positioning slider comprises a ball head.

5. The blind mating structure of claim 1, wherein a head
portion of the positioning slider 1s shaped to be received by
the tapered portion of the guiding module at the centering
point of the guiding module.

6. The blind mating structure of claim 1, wherein the
sliding channel comprises roller bearings or ball bearings.

7. The blind mating structure of claim 1, wherein a length
of the positioming slider 1s determined by a length of the one
or more fluid connectors coupled to the connector module,
a length of the one or more corresponding fluid connectors
on the coolant distribution manifold, a depth of engagement
of the one or more tluid connectors coupled to the connector
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module with one or more corresponding fluid connectors on
the coolant distribution manifold, and a depth of the guiding
module coupled to the coolant distribution manifold.

8. The blind mating structure of claim 1, wherein the
positioning slider 1s replaceable at the connector module,
with a different length or different shape of positioning
slider.

9. The blind mating structure of claim 1, further compris-
ing an elastic connection fitted between the guiding module
and the one or more coolant distribution manifolds, such
that, 1n response to the positioning slider of the server being,
in contact with the centering point while the server 1s being
inserted further into the server rack, the elastic connection 1s
compressed, moving the centering point further away from
the first end of the guiding module.

10. The blind mating structure of claim 1, wherein an
orientation of the one or more fluid connectors upon the
connector module 1s selectable or adjustable.

11. The blind mating structure of claim 10, wherein a
distance between a center of the positioning slider on the
connector module to a location of each of the one or more
fluid connectors on the connector module 1s adjustable.

12. The blind mating structure of claim 1, wherein the
centering point comprises a flexible detent that at least
partially secures a ball head of the positioning slider to the
centering point when the one or more tluid connectors on the
one or more coolant distribution manifolds and correspond-
ing fluid connectors on the connector module are blind
mated.

13. An electronic rack, comprising;

a plurality of coolant distribution manifolds, each com-

prising one or more flud connectors;

a server, the server including:

a cooling module having a coolant supply line, a
coolant return line, and a heat transtfer unit, wherein
a first end of the coolant supply line and a first end
of the coolant return line are coupled to the heat
transfer unit;

a connector module coupled to a sliding channel that 1s
coupled to the server, the sliding channel configured
to slide the connector module 1n a horizontal (x-axis)
direction and a vertical (y-axis) direction, the con-
nector module having:

a plurality of fluid connectors coupled to the con-
nector module, wherein each fluid connector of
the plurality of fluid connectors 1s coupled to
either a second end of the coolant supply line or a
second end of the coolant return line, and each
fluid connector 1s configured to blind mate to one
of a plurality of corresponding fluid connectors on
a coolant distribution manifold of the plurality of
coolant distribution manifolds 1n the electronic
rack, and

a positioming slider coupled to the connector module,
the positioning slider configured to apply a hori-
zontal force (x-axis), a vertical force (y-axis), or
both a horizontal and a wvertical force to the
connector module; and

a guiding module, coupled to the plurality of coolant

distribution manifolds, the guiding module having a

tapered portion with an opening at a first end of the
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guiding module and the guiding module tapering from
the first end to a centering point at a second end of the
guiding module,

wherein the positioming slider applies the horizontal force,

the vertical force, or both the horizontal and the vertical
force to the connector module in response to the
positioning slider contacting the tapered portion of the
guiding module during installation of the server into the
electronic rack.

14. The electronic rack of claim 13, further comprising an
clastic connection fitted between the guiding module and the
plurality of coolant distribution manifolds such that, in
response to the positioning slider of the server being in
contact with the centering point while the server 1s being
inserted further into the electronic rack, the elastic connec-
tion 1s compressed, moving the centering point further away
from the first end of the guiding module.

15. The electronic rack of claim 13, wherein the centering
point 1s located 1n alignment with a center of the first end,
wherein the tapered portion 1s configured to receive the
positioning slider from the connector module of the server
being mserted into the electronic rack, and wherein the
tapered portion 1s configured to guide the positioning slider
toward the centering point at the second end of the guiding
module as the server 1s inserted further into the electronic
rack, thereby sliding the connector module and aligning the
plurality of fluid connectors on the connector module of the
server with the plurality of corresponding fluid connectors
on the plurality of coolant distribution manifolds.

16. The electronic rack of claim 13, wherein a length of
the positioning slider 1s determined by a length of the
plurality of fluid connectors coupled to the connector mod-
ule, a length of the plurality of corresponding fluid connec-
tors on the coolant distribution manifold, and a depth of the
guiding module coupled to the plurality of coolant distribu-
tion manifolds.

17. The electronic rack of claim 16, wherein a width or
diameter of the positioming slider 1s determined by the length
of the positioning slider and a magnitude of the horizontal
force and a magmitude of the vertical force imposed upon the
positioning slider as the server 1s inserted into the electronic
rack.

18. The electronic rack of claim 13, wherein the position-
ing slider 1s replaceable at the connector module with a
different length or different shape of positioning slider.

19. The electronic rack of claim 13, wherein a head
portion of the positioning slider 1s shaped to be recerved by
the tapered portion of the guiding module at the centering
point of the guiding module, and wherein an orientation and
location of the one or more tluid connectors on the connector
module 1s selectable or adjustable.

20. The electronic rack of claim 13, wherein the centering,

point comprises a flexible detent that partially secures a ball
head of the positioning slider to the centering point when the
one or more fluid connectors on the plurality of coolant
distribution manifolds and corresponding fluid connectors
on the connector module are blind mated.
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